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NATIONAL ADVISORY COMMITTEE FOR AEROITAUTICB

RESEARCH MEMORANDUM

EXPERIMENTAT. TNVESTIGATTION OF SEVERAL, AFTERBURNER
CONFIGURATIONS ON A J79 TURBOJET ERGINE

By Harry E. Bloomer and Carl E. Cempbell

SUMMARY

An investigation was conducted in an FRACA altitude test chamber to
evaluate several afterburner configurations on an XJ79 engine. Data were
cbtalined from nine configurations which show the effect on burner per-
formance of increased burner diameter and modifications to the flameholder,
fuel system, and flow swirl. The data for the configurations were obtained
for a range of afterburner-inlet total pressures from 860 to 3230 pounds
per squere foot sbsolute at a burner-inlet temperature of 1530° R.

Simple fuel system and flemeholder modificetions to the original
prototype configuration increased the combustion efflciency and lowered
the pressure drop resulting in substantial thrust increases. Applying
these modifications to a larger diameter burner resulted in further per-
formance gains at all £light conditions investigated. At 59,400 feet and
e Mach number of 2.0, the thrust sdvanteges for the large 'bm'ner over the
small burner smounted to 19 percent, and the specific fuel consumption
was lower by spproximately 10 percent.

INTRODUCTION

During an investigation of the altitude performance and operational
characteristlics of an XJ79 engine in an NACA altitude test chamber, the
afterburner performance was evaluated. In the preliminary stage of this
evaluation, the performance was below that required to meet military spec-
ifications. Therefore, at the request of the Alr ¥Force, a prograsm wes
undertaken to improve the afterburner performence suffilciently to meet
thrust specifications. Other pheses of the XJ79 progrem are reported in
references 1 and 2.

Bome 13 afterburner configurations were investigated. Of these only
nine were of major significance, and only the deta for these nine sre
presented herein. The deta presented 1llustrate the effects on performesnce
of increased burner diemeter and modifications to the flemeholder, fuel
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injectors, and flow swirl 1nto the afterburner. The data presented in
references 3 to 6 and used a8 a gulde to buwrner configuratlions shows the
effects of simllar afterburner alterations on performasnce and operational
characteristics.

Data were obtalned over a range of afterburner fuel-alr ratios at a
burner-inlet temperature of 1530° R, and a range of burner-inlet pressures
from 860 to 3290 pounds per square foot sbsolubte. These conditions cor-
respond to flight Mach numbers from 1.16 to 2.0 at altitudes from 35,000
to 70,000 feet. Graphical comparisons of performamnce are presented in
terma of combustion efficiency, burner-outlet gas tempersture, and burner
pressure loss. Tabulsted performance deta are presented in tables I and
II.

APPARATUS
Installation

The XJ72 installation in the altitude test chamber is shown in fig-
ure l. The forward bulkhead, which incorporates s labyrinth seal around
the engine-inlet air duct, was used to separate the engine-inlet alr from
the exhaust snd to provide a means of malntaining a pressure difference
across the engine. A bulkhead butterfly valve was used to control the
amount of alr used to ventllate the test chamber,

Engine

The XJ79 engine, used 1n this investigation, has a sea-level static
thrust rating without efterburning of approximately 10,000 pounds at an
engine speed of 7460 rpm. At this rsting, the turbine-outlet gas temper-
ature is 1070° F, and engine airflow is spproximately 164 pounds per
second.

Main components of the engine lnclude a 17-stage axlal-flow compres-
sor which incorporates varlable inlet gulde vanes and first six stages of
stator blades, a cannular-type combustor with ten cans, a three-gtage
turbine, a diffuser assembly, an afterburner with louvered cooling liner,
iris-type varisble primsry and secondery nozzles, and a combination elec-
tronie and hydraulic conmtrol. For the purposes of this investigation,
the secondary-nozzle segments were removed. During the lnvestigation,
the third-stage turbine-rotor design was changed slightly.

The control systems on the XJ79 engine comprise the maln fuel system
which incorporstes the variable-stator corntrol, an afterburper fuel
system, and an exhaust-nozzle area comtrol. The inputs to the main fuel
control are manually selected throttle pogition, engine speed, compressor-
inlet temperasture, compressor-discharge pressure, and teleflex feedback

FYOV



4644

CI-1 back

NACA RM E57T18 ] 3

signal from the variable stators. To provide surge margirn during sccel-
eration and low corrected-speed operation, the inlet guide vanes and the
Pirst six stator stages are varied approximately 35° according to a
corrected-engine-speed schedule. During the course of the investigation
the schedule was altered and the mexlimum mechanical engline speed was
raised 3 percent to 7700 rpm to achieve a higher thrust during operation
at a high engine-inlet temperature corresponding to the Mach 2.0 flight
condition. The original and altered varlable-stator schedule 1s shown
in figure 2.

The XJ79 efterburner fuel control system is s flow-scheduling type
which schedules the required flow as determined by compressor-discharge
pressure and throttle position. This fuel control system was not used
during this investigation. The afterburner-fuel-flow schedule 1s pre-~
sented 1n figure 3, and & schematic drawing of the sfterburner fuel system
used in the investigation is shown i1n figure 4. A flow divider and selec-
tor valve were provided to distribute the fuel for the required primsry-
and secondary-uniform patterns, and sector patterns. For thils Investi-
gation the selector valve was actuated manually. Normally, fuel slways
flows through the primary sector set of fuel bars when the throttle is
advanced to the afterburning position. Then, if the total flow required
is greater than epproximately 3300 pounds per hour, the secondary sector
set of fuel bars becomes operative. When the throttle is further =ad-
vanced, the primary-uniform and (depending on the total flow required)
the secondary-uniform manifolds are supplied.

The exhaust-nozzle-aree control mechanically schedules the exhsust-
nozzle srea as a function of throttle travel. The electronic temperature
control, which receives the signal from twelve paralleled thermocouples
at the turbine ocutlet, can override the mechanical schedule to open the

nozzle area whenever necessary. This feature wes used during part of ‘the
lnvestigation. For the remainder of the program, the nozzle was manuslly
controlled.

Afterburner Components

Afterburners of two different dismeters were used during the investi-
gatlon, one with a 33.7-inch outslde dlameter and the other with a 35.7-
inch outside dlameter. Detalls of the burrners are shown in figure 5. Both
burners were sbout the same length, spproximately 83 inches. The inner
body of the diffuser and the first 10-inch section of the outer wall were
the same, The open and closed limits of the nozzle ares were sbout 4.83
and 2.30 square feet, respectively.

In order to reduce the whirl of the gmses leaving the turbine, 36
equally spaced antiwhilrl vanes were installed at the inlet to the diffuser
for two configurations. Detalls of the vanes are given in figure S(a),
and = photograph of the vanes and also the vortex generators is shown in
figure 6(b). The 28 vortex generstors were supplied as part of the engine
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and are shown in figure 5. Only one of the five englnes used in the in-
vestigation did not have any vortex generstors installed.

Six flameholders were used during the investigation. They differed
in blockage, axial location in the burner, and number of V-gutters. De-
talls of the flameholders are shown in figure 7, and the axial location

and percent blockage are given in table III along with other configuration
detalls.

The details of the 4 spray bar configurstlions are given in figure 8.
The differences were in radial fuel distribution and number of spray bars.

Instrumentation

A cross section of the engine and the afterburner showlng station
locations and a tabulatlion of ilnstrumentation at each station are given
in figure 9. Pressure and temperature measurements at a 24.5-inch-diameter
venturi in the inlet duct (station 1) were used to determine engine
airflow.

The simulated flight condition was determined by the engine-inlet
instrumentation at station 2. Diffuser-inlet conditions were cobtained
from six rakes located 4.25 inches downstream of the turbine (station 5).
The angle of gas whirl across the passage was measured ab the fuel bar
location (station 5a) and also at a station 1.8 inches downstream of the
turbine outlet with a specially designed whirl probe having two static
orifices.

Diffuser-outlet or flameholder-inlet conditions were determined at
station 6 gpproximstely 11 inches downstreem of the diffuser-inlet statlon
for the first four configurations with the 33.7-inch-diameter pipe. How-
ever, for the four configurastions with the 35.7-inch-dismeter plpe end
configuration 9, statlion 6 was moved to a plane 16 inches downstream of
the diffuser-Inlet ststion. It 1is designated as station 6a for these
configurations.

The same instrument thet ensbled the computation of whirl angle at
the fuel bar station (5a) also permitted the estsblishment of a velocity
profile inasmuch as total pressure, static pressure, and temperature were
also measured. When the actustors for this device falled, 1t wass necessary
to install a fixed total-pressure and thermocouple rake at statlon 5a
along with two statlc wall taps for some configurations.

The exhaust-nozzle-inlet conditions (station 9) were surveyed sbout
12 inches upstreem of the exit with a water-cooled total-pressure rake
and a wall static pressure, The facllity balance system was used to meas-
ure the thrust of the engine and afterburner combinstion, The symbols

SR

124314



4644

NACA RM E57T18 wnp 5

and methods of calculation used in this report are presented in appendixes
A and B, respectively.

PROCEDURE
The performance chsaracteristics of most of the afterburner config-

urations were obtained over s range of afterburner fuel-air ratios at the
followlng simulated £light conditions and diffuser-inlet total pressures:

Altitude,| Flight {Engine- |Engline-|Average
Tt Mach |inlet inlet diffuser-
nunber |{ram temper-jinlet
recovery |ature, |total
°R pressure,
}.b/ sq £t
gbs
35,000 1.16 100 500 2800
45,000 1.16 100 500 1665
55,000 1.16 100 500 9380
45,000 2.0 85 705 3250
58,000 2.0 85 705 1660
70,000 2.0 85 705 932

The procedure for cbtaining steady-state-performsnce data was as
follows:

After starting the engine and accelerating to rated speed (7460 rpm
at all flight conditions for the first fowr conflgurations; for the re-
mainder of the investigation, however, the engine speed was increased to
7700 rpm at the high Mach-mmber condition), the engine-inlet pressure
and tempersture and the rated turbine-outlet tempersture were set at the
proper conditions. The afterburner was then ignited by the "pilot" burner
which contained its own fuel and sparkplug. The exhaust nozzle was
opened manually and the afterburner fuel flow was regulated so that
turbine-outlet temperature was mainteined at the rated value of 107C° F.
APter burnling was stable, the pilot burner was twrned off, and steady—
state data polnts were taken over the operable range of afterburner fuel-
2ir ratios from lesn blowout to open exhaust nozzle or rich blowout.

Most of the data were obtained with uniform distribution of fuel flow.
Some of the deta, however, were taken with sector distribution.
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RESUITS AND DISCUSSION
33.7-Inch-Diameter Burner

Diffuser performance. - The 33.7-inch-diameter burner will hereafter
be referred to as the "small® burner. The diffuser performance of the
prototype small burner of the manufacturer was evalusted, and the results
are presented in figure 10 in the form of velocity profiles at varilous
stations in the diffuser. The stations are 4.25, 9.5, and 15,0 inches
downstream of the diffuser-inlet flange. The two downstream stations
correspond to diffuser ares ratlos of l.26 and 1.54, respectively.

The data presented were obtalined at a simulated flight condition of
35,000 feet and a flight Mach number of 1.16, The average diffuser-inlet
(station 5) velocity was over 900 feet per second. At the flameholder
inlet (15-inch, station 6), which was about 6 inches upstream of the
flameholder in configuration 1, the velocity varied from 300 to a meximm
of over 800 feet per second. Consideration of further diffusion shows
that a peak velocity of approximately 675 feet per second would be reached
near the flameholder. Previous experience (refs. 3, 5, and 6) indicates
that peak velocitles of this magnitude would contribute to high-pressure
losses and reduced combustion efficiencies, The installation of the vor-
tex generators did not significantly affect the veloclty profile.

Over-all burner performance. - The prototype small-afterburner (con~
figuration 1) performance 1s presented in figure 1l. Afterburner total
temperature and combustion effleciency are presented as functions of
wiburned-air fuel-alr ratio, and the burner total-pressure drop as a
function of burner temperature ratio. Although the exhaust-nozzle dlameter
was opened to 29 inches, the finsl burning temperature was only 3150° R;
the combustion efficiency was 73 percent and the pressure loss was gbout
15 percent.

This performance was poor compared with previous afterburner exper-
ience (refs. 3 to 6). Two areas of improvement were obvious: (1) reduce
flameholder and spray bar blockage to lower pressure loss and thus permit
higher ges temperatures, and (2) improve fuel distribution to raise com-
bustion efficiency. Configuration 2 incorporated these improvements and
the performance was raised as expected.

A 30-percent blockasge two-V-gubtter flameholder was installed, and the
40 individual fuel spray bars were combined into 20 tandem bars of the
same frontal areas with new orifice spacing to more nearly match the air
distribution.

The performance comparison of configurstions 1 and 2 are presented
in figure 12 for e flight conditlion of 35,000 feet, and a Mach number of
1.16. The peak temperatwe was raised to 3600° R for configuration 2.
Pesk combustlon efficiency was raised to 92 percent. The total-pressure

4 44°)7
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drop across the burner decreased 0.035 points. The decreased spray bar
blockage accounted for only about 10 percent of the difference in pressure
drop.

Configuration 2 represented the most significant performance change
of the small and large buwrner configurations, and the other configurations
were run to develop additional minor improvements and to check out possible
prototype alternates.

Configurations 3 snd 4 were run to evaluate the effects of two vari-
gbles for an impending Mach 2,0 flight of a prototype alrplane which had
a 30-percent blockage three-V-flasmeholder. The first verisble evalusted
wes the flameholder position. Configuration 3 had the flameholder mounted
11.4 inches downstream of the fuel spray bars, and configuration 4 had
the flameholder mounted 5 inches further downstream. The other variable
evaluated was a change in the vmrigble stator schedule. For an engine-
inlet temperature of 705° R &t an engine speed of 7460 rpm, the corrected
engine speed is aspproximately 6400 rpm., The varleble stator schedule
(fig. 2) calls for an angle of sbout 9°. In order to increase mass flow
at this condition, the menufacturer requested that angles of O° and 5° be .
run for both configurations.

The performance of conflgurastions 3 and 4 is presented in figure 13
for an altitude of 58,000 feet. The downstream location of the flemeholder
gives a higher final temperature and combustion efficiency, and s lower
pressure drop. The 59 varisble stator position provides about 3.5 percent
less mass flow and also shows an advantage in higher combustion efficiency
and lower pressure drop. However, slnce the lower flow will penalize
thrust, it becomes necessery to compsre the configurations on a specific
fuel consumption against net thrust basis. In order to provide a conmpar-
ison with the specificetion of the manufacturer (ref. 7), it is necessary
to adjust the data for the performance of an eJector nozzle with 7-percent
secondary air and 100-percent ram recovery engine-inlet conditions. (The
experimental ejector-nozzle performence taken from refs. 1 and 2 is shown
in fig. 25.)

This comparison between configurations 3 and 4 is presented in figure
14 for a flight conditlion of 61,400 feet, and s Mach number of 2.0. The
3.5 percent lower airflow for the 5° varisble stator position more than
offsets the effect of higher combustion efficiency and lower pressure
drop for both configurations. Thus the 0° varisble stator position shows
up with the highest maximum net thrust and the lowest specific fuel eon-
sumption.

35.7=-Inch-Dismeter Burner

The engine had not resched the specification level at the Mach 2.0
condition. One of the most direct ways to improve the efterburner
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performance in order to achieve the specification thrust wes to increase
the burner diameter, and, therefore, lower the burner velocity. The
lower velocity would reduce pressure losses and permit higher gas temper-
atures and, consequently, higher thrust for the same exhaust nozzle. The
manufacturer provided a burner with s 2-inch larger diameter which gave
a l2-percent increase in cross-sectional area. In addition, a "reset”
feature was incorporated in the engine fuel control to allow the engine
speed to increase to 7700 rpm, to increase mass flow (and thrust) and the
varisble stators, and to assume 2 2° position when the inlet temperature
approached 705° R (corrected engine speed equals 6600 rpm). Also s B
slightly modified third-stage turbine-rotor design was incorporated at
this time.

Diffuser Performance

The 35.7-inch-dismeter burner will hereafter be referred to as the
"large" burner. The diffuser performance of the large burner was evalu-
ated, and the results are presented in figure 15. The stations are 4.25
and 20 inches downstream of the diffuser-inlet flange. The downstresm
station 6 had a diffuser area ratio of 1.7. As shown in figure 15(a)
for a flight condition of 35,000 feet and = Mach number of 1.16, the aver-
age diffuser-inlet velocity (station 5) was sbout’ 900 feet per second,
but the ofile is somewhat flatter than the one for the original engine
(fig. 10). This flatness is probably due to the slight change in the
third-stage turbine-rotor design. At the downstream station 6, which
was sbout 3 inches upstream of the flameholder Ffor configuwrebions 5 to 8§,
the veloclity peak wes still about 640 feet per second. At a flight con-
dition of 70,000 feet and a Mach mumber of 2.0, the corrected engine speed
drops to 6800 as explained previously. The velocity profiles through the
diffuser at this condition are presented in figure 15(1_:). The peak
diffuser-inlet (station 5) velocity is much higher st Mach 2.0 than that
for the 1l.l6-Mach-number case. The peak flameholder-inlet station 6a
velocity has also risen to almost 700 feet per second.

The whirl patterns existing at the turbine ocutlet for the earlier
engines had exhibited some maximum angles of 15°, However, as shown in
figure 16 for a station 1.8 inches downstream of the turbine, the maxlmum
whirl angle increased to over 20°. Therefore, in an effort to improve
combustion efficlency and reduce over-all pressure losses, a get of antl-
whirl vanes were ingtslled for configurstions 6 and 7. The maximum whirl
angle was reduced to less than 10°., The veloclty profile behind the vanes
did not change markedly except for a lower veloeclty behind the inner
support ring (see fig. 7(a)). For a production design, the vane assembly
could undoubtedly be improved, that is, streamlinling of the vanes and
supports and elimination of the bolts and nuts protruding into the air-
streem. The total-pressure loss across the vanes amounted to 2 percent
at a Mach nurber of 1.16 and 3 percent at a Mach number of 2.0.

I
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Over-~-All Burner Performance

Configuration 5 consisted of configuration 2 geometry adapted to the
large burner which represented the best design practice on the basis of
reference 5. The performance of configurations 2 and 5 is compared in
figure 17 at the reference flight condition of 35,000 feet and Mach number
of 1.16, As shown in figure 17, the msin objectives of the larger burner
dismeter were attalned, that 1s, lower pressure drop and, therefore,
higher temperature for the same exhsust-nozzle srea. The lower combustlon
efficiency at low fuel-alr retio is not a basic fault of the large burner,
but is due to the fact (1) that detsiled tailoring of the fuel distribution
to optimize combustion efficlency was prevented by lsck of time, and (2)
that more turbine-outlet swirl wes present for the large burner. (This
swirl probebly was due to the slight design change in the third-stage
turbine rotor.)

The antiwhirl venes were installed at this time to £ind a possible
Improvement. The performance comparigon of configurstlions 5 and 6 is
presented in figure 18. Both temperature and combustion efficiency are
higher for confilguration 6. The buwrnlng pressure drop is identicsal.
However, an additional Z percent mist be added to the pressure-drop velues
plotted for configuration 6 to account for the loss across the vanes since
they are shead of the diffuser-inlet stetion,

An amerodynamically clean design of the vanes would cut the pressure
drop and improve the thrust and specific fuel consumption, The complica-
tion and weight would have to be considered to determine their net worth.

Since the velocity profile was changed slightly with the wake behind
the vane support rings, some damage occurred to the burner skin., The fuel
distribution was therefore altered to keep the fuel sway from the skin,
This was accomplished by replscing spray bars C with D. A performance
comparison of configuretione 6 and 7 is presented in figwre 19 to show
the effect of fuel distributilon.

The final burning temperature for configuration 7 dropped 100° to
200° R, and the combustion efficiency also fell lower by 3 to 7 percent.
The pressure drop remalned the seme. The results indlecate that the fuel
distribution was changed more radically than it should have been just to
help the cooling problem.

Again, because the manufacturer was more linterested 1n a three-V-
gutter flameholder for prototype purposes, a flameholder of this type
with V-gutters connecting the rings was installed, and the antiwhirl venes
were removed. The resulits of this evalustlon are compared with those of
the two-V-gubtter flameholder (configuration 5) in figure 20(a) for the
1.16 flight Mach number and in figure 20(b) for the 2.0 flight Mach number.
The cowbustion efficiency and temperature are higher for configuration 8
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(three-V-gutter flameholder) for a flight condition of 35,000 feet and a
Mech number of 1.16, while the pressure drop 1s slightly lower. The com-
periscn at a flight Mach number of 2.0, however, is not B0 clear cut.

The pressure drop is essentially the same at all three altitudes of 45,000,
58,000, and 70,000 feet. The combustion efficiency for configuration 5,
the two-V-gutter flemeholder, is higher at 58,000 and 70,000 feet and

(for the one data point available) lower at 45,000 feet. On the basis of
the available data, configuration 8 (three-V-gutter flameholder) was
plcked by the manufacturer for the flnal configuration.

The manufacturer had developed the sector-burning principle (where
fuel is injected into only two opposite 90° quadrants) with the phllosophy
that locally fuel-rich regions would allow the burner to operate at =a
lower total fuel-air ratio than uniform fuel injection. Iight-offs
(afterburner sterts) would be smoother and lean blowouts would be less
violent for the control system. Therefore, for the final large burner
configuration, this varisble was investigated only at the 1.16 flight
Mach-number condition., The results are presented in figure 21. The
combustion efficiency and tempersture are higher for the sector burning
at the low fuel-air-ratio range. Then, as the local sector fuel~air
ratio goes above stolchiometric, the efficiency drops off as expected.

As shown in figure 22, the operational limits do show some advantage
for the sector system in lowering the lean blowout limits,

For some alrframe applications, the large~diameter burner could not
be tolerated for space requlrement reasons. Therefore, the manufacturer
planned to put one version of each burner into production. A direct com-
parison of ‘the performance level of the two production versions was cb-
tained. The final small-burner confliguration consisted of the same design
fuel spray bars and a scaled-down version of the configuretion 8, three-
V-gutter flameholder. The performance comparison is presented in figure
23(a) for the 1.16 flight Mach number and in figure 23(b) for the 2.0
flight Mach number.

At 21l flight conditions, the conmbustion efficlency and tempersture
ere higher, and the pressure drop iIs lower for the large burner. In fact,
the smgll-burner production configuration had 10 percent lower combustion
efficlency and asbout 1 percent higher pressure loss than configurstion 2.
The exhsust-nozzle diameters noted on figure 23(b) indicate that the
nozzle wes opened gt a lower fuel-ailr ratioco for the small burner. This
fact, plus the large pressure-loss difference make it mandatory that the
final comparison should be on a thrust and specific-fuel-consumption basis,

When the program was nearing completion, the engine capabilities had
been reevaluated by the manufacturer, and a new thrust and specific-fuel-
consumption specification established. Reference 8 was therefore used as
& basls for final comparison of the small- and large-burner counfigurations.

214
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This new specification requires an ejector using 8-percent secondary air
and assumes an inlet recovery specified by A.T.A. (This curve is shown

in fig. 5.) The experimental data have been adjusted for the 8-percent

secondary airfiow by the thrust coefficient (shown in fig. 28).

The veriation of specific fuel consumption with net thrust 1s pre-
gented in figure 24 for the large- and small-burner adjusted Jata and
cross-plotted specifilcation data at a £1light condition of 59,400 feet and
a Mach number of 2.0. Both burners exceeded the revised specification
for the specific fuel consumption. However, the small burner failed to
meet the revised thrust specification by 100 pounds. The reevaluation of
the engine was significant in that neither configuwration met the original
specification. At a net thrust of 4000 pounds, the specific fuel consump-
tion for the large burner is 10 percent lower than the small bwrner. The
maximum thrust of the large burner is 139 percent greater than the smsll
burner.

SUMMARY OF RESUITS

The resulte of evaluating several afterburner configurations on an
XJ79 engine are as follows:

l. Simple fuel system and flameholder modificetions to the originsl
configuretion raised the combustion efficlency and lowered the pressure
drop resulting in suvbstantial thrust incresses. Applylng these modifica-
tions to & larger-diameter burner resulied in further performance gains
at all flight conditions investigated. A performance comparison of the
final large- and small-burner configiwrations show that at 59,400 feet and
a Mach number of 2.0, the thrust advantage for the large burner asmounted
to 19 percent, and the specific fuel consumption was lower by approximately
10 percent,

2. Antiwhirl vanes reduced the whirl significantly and increased the
combustion efficiency an average of 2,5 percent over the higher fuel-air-
ratio range. This small increase probably would not merit the added com-
plication and increased pressure drop. A comparison of two-V-gutter and
three~V-gutter 30-percent blockege f£lsmeholders in a 35.7~inch-diameter
burner revealed little variation in performance over a wide range of flight
conditions. Emriching the center of the burner by moving the fuel-bar in-
jection holes inward relative to the air distribution lowered the combus-
tion efficiency by spproximately 7 percent over the range of opersble
fuel-gir ratios at 35,000 feet and a Mach mmhber of 1l.16.

Sector burning, ilnvestigated with prototype configuration in the
large burner, provided leaner over-all fuel-air lean blowoubs than wniform
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burning, and also provided higher combustion efficiency at the lower fuel-
air-ratio range. In the higher fuel-azir-ratio range, sector burning
provided no advantage.

Lewis Flight Propulsion Leboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio, Sepbember 23, 1957

Y997
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APPENDIX A

SIMBOLS
cross~-sectional ares, sq £t
speed of sound
thrust-cell force, 1b

flow coefficient, ratio of actual flow to flow calculated at nozzle
throsat

veloclty coefficient, ratio of actual Jet velocity to effective Jet
velocity

diemeter, in.
Jet thrust, Ib

idesl Jet thrust obtalned from complete expansion of primary nozzle
total pressure to ambient pressure, 1b

eJector nozzle Jet thrust, 1b

net thrust, 1b

fuel-air retio

accelerstion due to gravity, 32.2 ft/secz
Mach number

engine speed, rpm

total pressure, ].b/sq_ £t =bs

static pressure, 1b/sq ft sbs

gas constant, 53.4 (£t)(1b)/(Ip) °r
total temperature

velocity, £t/sec

airflow, l'b/sec
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W fuel flow, 1b/hr

W. /F gpecific fuel consumption based on total fuel flow and net thrust,
£/tn
(1p)/(ar) (1> thrust)

Wg gas flow, Ib/sec

T ratio of specific heat for gases
] efficlency

T afterburner total-temperature ratilo
Subsecripts:

a alr

ab afterburner

ac actual

b bleed

d duct

e engine

eff effective

£ fuel

g gas

id ideal

n exhaust nozzle

primary systeum

R rake
sc scale
t total

ua unburned air
0 free-stream conditions
1

engine alrflow measuring station
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engine-inlet station
diffuser-inlet station
Plameholder~inlet statlon

tailrake station
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APPENDIX B

METHODS OF CALCULATION

Airflow. - Alrflow wes determined from pressure and temperature
measurements obtalned in the engine-inlet duet. These measurements were
used in the followlng equation:

97 -

The right hand side of the previocus equation is listed as a fumnction of
p/P in reference 9. Simple rearrangement of the equation then ylelds
alrflow.

Airflow at station 5 (diffuser inlet) was determined from
Wg,5 = 0.997 wg,1 - Wa,b
The 0,997 factor was determined from the estimasted leskage obtalned from
the manufacturer. Instrumentation in bleed stacks that vented compressor

leakage alr measured wa,b'

Ges flow. - Gas flow was cobtalned by adding the total fuel flow to
the sirflow at statlion 5

w =W + oL,
8,9 a,5 3600

Baquivalence ratio. - Equivalence ratios were determined ss follows:

S m =

Tat,
where S 1s the equivelence ratio and the subscript st, stoichiometric.

For the fuel lnvestigated herein,

fgt = 0.06745
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Therefore,

Yr,e * We ah

St,ac Ya,5 (0. 06743)

where St,ac 1s the actual eguivalence ratio based on total fuel flow.

Fuel-air rgtlo. - Fuel-alr ratio based on unburned air was found by

St go -
f.a = 0.06745 ( b,8c Sﬁ:id)
- Se, id

where Se ,1d 1s the ideal equivalence ratic for the temperature rise from
engine-inlet to diffuser-inlet stations (shown in a table in ref. 10).

Combustion efficiency. - Combustion effliciencey was then determined by

n __Tia _ 814 _ Bg1 - Se,id
ab f'l;,a.c St,a.c st,a.c - Se,id

where Bi4 1s the ideal equivalence ratio for the temperature rise from
engine inlet to tailpipe exit (shown in a table in ref. 10).

Jet thrust. - Scale Jet thrust was determined from the facility
thrust cell and the pressure force scross the seal area A4g.

Fy =B + A (P; - pg)

Velocity coefficient. - Velocity coefficient was determined from
nonburning data as follows:

Fji,sc _ B+ A (P{ - pg)

GVHFJ:R ‘F Vg0 = Veff ﬁ_

(Cy = 0.99 for the range of daste obtained)

Where Veff/ \/gRT is an effective velocity parameter which is a funetion
of po/Pg end 1 (ref. 9).
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Gas temperature. - Afterburner total tempersture was calculated as
follows:

Ty = F/Cy

‘ﬁi Verr
g "6 VT

Flight Mach number. - Mach number was calculated from engine-inlet
conditions and an assumed total-pressure loss.

r-1
2 PO\ ¥
o Vra|(E) "

where Pg = Pz/qd.

Diffuser-inlet Mach number. - Mach number was determined from the
measured guantities Vg 57 Ts5, Pg, and Ag end the following equation,

assuming a 0.9 area coefficlent for the flow passege:

¥g,5 T5 R _ M
As P tg T+1

(i-FI;Er—-BI)

The right side of this equation is listed as a function of M and y in
reference 11 where ¥ = 1.34 should be used for diffuser-inlet conditions.
The measured statlc pressure at station S checked very closely with a
calculated static pressure which was obtained from the pressure ratilo

p/P 1listing in reference 11.

Diffuser veloclty profiles. - With the use of an actuated probe that
measured total pressure, static pressure, and temperature across the pas-
sage a8t & given station, velocity could be calculated using the same
reference 11 and the following equations:

-—Ll
§=<l+r—£}-Mz) v

and

Nacad
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ay = Ve

When static pressure was not measured, 1t was calculated as explained in
the diffuser-inlet Mach-number caleculation, and a flat profile was assumed.

Net thrust. - Net thrust for comparison with the engine specification
of the manufacturer was calculated in the followling manner:

1. A flight conditién was picked from the engine-inlet tobal pressure
of the experimental data and the ram recovery for the particular
specification.

For example, at a Mach number of 2.0, ng is 0.90 as shown in figure
25 (ref. 8). (In ref. 7, 13 = 1.00.) So that,

P .
2 1080
Py = —nd_ = .90 = 1211

At a Mach number of 2.0, PO/PO = 0.12780 and, therefore,
Py = (0.1278) (1211) = 154.6

which corresponds to an altitude of 59,400 feet.

2. Then, an ideal Jet thrust was calculated from

v
VT id
F-. = -g— 'Wg, Q Ta,b

ip [eRT
where V:’Ld./ \/gR‘I‘ is an ideal velocity parsmeter which 1s a function of
po/Pg (ref. 9).

3. By using the ejector performance curve, Fej/Fip wes obtalned for

the proper secondery airflow and primary dismeter. From reference 8,

= 0.08 (ref. 7, wg/w, = 0.07) as shown in figure 26.

wg/ ¥p s{¥p

F
7 = =84 T
3=y Fip)

4, Finally net thrust was obtained

Fp = Fey - 1.08 MVg
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where 1.08 = 1 + secondary-flow percentage, and Vo = 1942 feet per
second for Mg, = 2.0. An alternaste method for calculating net thrust msy
be employed if the tank ambient pressure Pignk ©duals the anmblent pres-
sure pg calculated. The scale jet thrust must be adjusted to ideal Jet
thrust by the following:

. quzsc Via
ip ¥ CyCp Verr

The ratio Vid/Veff may be obtalned from reference 9, and Cp was cob-
tained from nonburning data (choked flow)

W

cp = g9
"ot E (+2)

(CD = 0.99 for the range of data cbtained.) Then the steps 3 and 4 may
be calculated to obtain net thrust.

+1
Zir-ls
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TABLE I. -
RunjAltitude,l Flight |Variable |Engine | Compressor- | Compressor-| Tank Diffuser- | piffuser-|Tailrake |Coerpressor-
rt Maoh stator spesd, |inlet total | inlet total| ambient |inlet total inlet total inlet
number, { position, N, temperature, presasure, {pressure,|temperature, total pressure,| airflow,
» |deg from | rpam To, Pa, Ptanks Tgs pressure, Pg, 1b/sec
nominal| open oR 15 1b oy Pes 1b
position 7] abs |Pq It abB| 1ib g It 58]
8q It abe
(a) Configuration 3;
is 58,000 2.0 o4 7460 656 1092 199 1538 1595 1385 54.06
22 7457 699 1086 194 15386 1584 1586 B3.44
1s 7453 696 1094 187 1552 1588 1385 53.95
20 7454 698 1094 192 1631 1590 1407 53.7Q
21 7457 898 1085 190 1832 1582 1425 53.60
13 5 7465 701 1093 191 1522 1613 1409 51.78
14 TATS 699 1094 201 1516 1611 1414 52.08
15 7459 700 1089 200 1522 1606 1421 51.60
18 7460 702 1094 196 1517 1605 1436 51.50
17 7458 898 1030 180 1521 1629 148t 51.92
(b) Configuration 4;
11 | 58,000 2.0 4] 7461 697 1093 172 1542 1598 1390 54.07
13 7462 697 1085 177 1541 1599 1595 53.68
12 7463 697 1087 173 15356 1587 1380 53.47
S 7461 697 1087 186 1538 1577 1381 53.40
10 7464 697 1083 164 1545 1594 1408 54.07
14 7482 697 1080 158 1558 1594 1430 53.67
8 5 7458 697 1102 178 1538 1662 1467 52.64
3 7459 698 1094 175 1529 1635 1443 51.80
7 7455 897 1087 176 1532 1664 1481 52.65
4 7484 696 1094 167 1537 1642 1470 52.16
) 7452 887 1088 170 1533 1648 1495 52.41
(¢} Oonfiguration 2;
3 35,000 1.16 Q 7474 4351 1146 504 1557 2853 2547 §2.38
4 7468 490 1143 503 1633 2947 2545 92.42
2 7487 491 1140 499 1481 2808 2400 91.94
S 7469 491 1146 505 1531 2944 2551 92.44
8 7468 490 1144 500 1534 2966 2570 92.42
7 7478 491 1145 458 1514 2911 2534 92.19
8 7480 491 1148 504 1528 2953 23599 92.59
8 7463 491 1146 503 1481 2854 2469 92.38
10 7465 491 1144 503 1532 2956 2628 g92.28
11 7483 491 1148 508 1621 2953 2638 92.40
12 7485 491 1149 504 1559 2984 2718 g2.72
{d) Configuration 9; final;
4 35,000 1.18 Q 7466 500 1144 489 1524 2704 as517 89.58
3 7470 S00 1138 491 1523 2694 2305 89.15
8 7464 503 1139 500 1498 2702 2322 89.07
9 7460 488 1141 493 1504 2708 2346 89.2)
5 7463 439 1148 487 1505 2706 2351 89.75%
7 7463 503 1139 500 1509 2682 2365 88.70
8 74680 499 1141 495 1507 2718 2417 89.37
10 7468 487 1147 485 1612 2750 2464 90.60
38 45,000 2.00 " 7700 709 20863 305 16528 5006 2567 106.86
39 7700 102 2057 299 1514 3018 2571 108.335
37 7700 707 2052 312 1548 2987 2552 106.64
36 7700 705 2052 311 1548 3014 2585 106.80
55 7700 898 2047 305 1548 5075 2643 107.99
34 7700 701 2037 311 1527 3025 2621 106.99
40 1 7700 706 2044 283 1514 2966 2607 108,72
11 85,000 1.18 0 7446 508 440 188 1518 989 ase 35.26
11 7448 505 457 192 1522 993 861 35.74
13 7445 508 437 193 1523 968 859 33,30
12 T445 507 439 194 1523 295 868 53.50
18 Tdd 503 438 191 1517 1000 875 35.58
17 T444 504 438 1ls0 1516 994 876 353.56
16 Ti44 505 4339 192 1514 991 875 35.65
1S T444 507 438 187 1517 992 878 33.37
22 | 58,000 2.00 2 TT04 TO4 1098 164 1556 1809 1361 57.15
25 7700 708 1109 159 1548 1612 1370 56.88
23 7701 705 1088 153 1556 1585 1351 56.16
21 7708 700 1093 147 1631 1618 1389 57.61
24 7702 708 1106 143 1537 1593 1372 S58.48
28 70,000 7677 706 619 181 1550 8735 756 30.74
27 7679 708 622 155 15356 867 720 30.92
28 7674 706 820 158 1548 ase 731 30.74
29 7875 707 621 156 1548 887 740 30.90
30 7674 708 ele 158 1545 asl 738 30.87
31 7670 707 823 158 1544 -1 748 30.94
32 7672 704 618 160 1540 862 750 30.73

¥¥0¥
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SHALL BURNER

Engine|{After-|{Tail- |Afterburner| Jet Caloulated | Exhaust- | Afterburner| Burner |Diffuser-| Burner
fuel {burnsr| rake fuel-aiyr [thrust,]afterburner | noszzle, | combuation | total- inlet total-~
flow,| fuel gas ratlo based FJ, total diaceter,| efficlenay, [pressure Mach temperature
We o es flow,{flow, jon unburned{ 3} tenperature, , Tlap losse mmber, ratlo,
1b/hr|Yr,abs | Yg,97| alr, Tps in. ratio, T T

1b/hr ] 1b/sec foa oR P5 - Pg
5

thres-V-flameholder (upstream}
2235 {11,345} 56.08 0.0579 6,910 3472 29.83 Q.733 Q.152 0.54 2.257
2210 |10,285] S5.18 .0518 8,756 3404 29.20 .T84 .125 .54 2.217
2220 110,345| 55.69 .0516 8,742 53337 29.22 755 -128 .54 2.177
2225 8,875} §5.06 0432 6,540 5168 28.40 .803 »115 .54 2.087
2220 7,670f 54.59 0349 6,040 27151 27.07 -T14 089 .54 1.795
2090 [ 12,890} 54.25 .07135 6,891 5633 29.20 656 127 .50 2.387
2095 |11,520! 54.16 .0618 8,750 5503 28.84 703 122 .50 2.311
2095 | 10,220} 55.34 .0539 6,542 5407 28.33 - 758 =115 .50 2.237
2080 8,830f 52.88 0441 6,546 3224 27.865 -.821 <105 .50 2.125
2120 7,570} 52.93 0559 6,040 2854 26.39 .763 .0s1 49 1.877

thres-V-rlaczeholder (downstream)
2330 9,3501 56.1¢ 0.0599 7:074 28.67 Q.721 0.131 C.55 2.269
2340 9,040! 55.70 .0585 6,992 5499 25.47 758 128 .55 2.271
2300 8,8501 S55.39 0560 6,971 3500 29 .44 <77L -130 -S4 2.281
2515 7,875F $5.10 0513 6,838 3576 29.18 JTTS 124 .55 2.197
2340 7,250{ 55.60 0465 6,765 3216 28.65 «TTL 2117 .58 2.081
2515 5,840| 54.82 0579 6,506 3013 27.75 .818 =103 .55 1.858
2260 {10,175] 54.99 .05868 7,096 3636 28.79 .70 117 .50 2.364
2235 » 53.88 0816 6,940 5630 28.72 . 758 127 .50 2.375
2260 | 8,075] S4.42 .053) &,880 3452 28.11 .788 -110 .50 2.253
2245 | 7,220| b53.68 .0480 &,708 3557 ar.ez2 .820 .105 .50 2.183
2245 6§,070| 53.61 0402 6,483 3132 27.05 842 Q83 .50 2.043
two-V-rlameholder
4670 {16,700 96.38} ©.065L 11,547 3614 28.91 0.752 0.128 0.50 2.321
4670 {15,500] 86.08| 0805 11,479 3593 28.81 -804 136 .50 2.344
4400 {15,370} 95.50 0585 11,310 3612 29.87 .832 145 .52 2.423
4640 | 14,550 85.85 0565 11,372 3543 28.65 833 134 .50 2.314
4640 }13,750| 85.59 .0534 11,326 3507 28.41 .883 131 -48 2.288
4585 {12,790} §5.08 0487 11,155 5450 28.42 -897 -130 .50 2.279
4640 [11,550| 85.15 0447 11,006 3331 27.81 .923 -120 -4S 2.178
4440 [11,500| 84.87 0442 10, 795 3291 28.42 917 .la2g .51 2.222
4660 |10,250| 94.48 0598 10,697 5163 27.19 .82 112 -48 2.064
4608 8,525) 94.11 0330 10,073 2622 26.27 857 .101 .60 1.858
4725 6,980 94.02 0270 9,511 2472 25.00 - T56 .o8g 49 1.008
three-V-flameholder
4430 | 16,740 94.26 0.086 11,092 3546 29.87 0.708 0.143 C.54 2.33
4595 {16,620 93.87 056 11,083 5548 29.87 712 -144 .54 2.33
4415 | 15,300{ 93.39 081 10,581 35352 29.36 . 7685 141 .53 2.36
4425 | 13,920 93.15 055 10,911 35448 28.96 .799 -134 .53 2.29
4430 |12,680| 93.354 050 10,764 3318 28.67 .816 131 -S54 2.20
4375 | 10,315| 91.60 041 10,116 3044 27.85 .818 118 54 2.02
4445 9,100| 891.896 036 2,946 2883 27.08 .822 111 .53 1.91
4495 8,070] 92.92 052 2,710 2671 26.38 -.782 -104 .55 1.77
4505 [13,355{110.25 043 13,445 3199 29.64 824 148 .60 2.09
4550 113,005]111.36 04l 15,554 3208 29.85 .865 .148 .60 2.12
4495 |12,765|109. 041 13,266 5142 29.36 -.827 149 .60 2.03
45350 [12,2201109.80 039 - 15,249 3100 29.02 .838 142 .60 2.00
4680 111,980(110.73 .039 15,388 3081 28.73 844 «141 .58 1.99
4580 |10,845|109.53 055 12,873 2918 28.43 .819 154 .80 1.91
4430 8,690]108.42 .028 11,996 2530 27.39 716 121 .61 1.57
1685 6,525| 35.09 .070 3,947 3237 29.08 548 1354 .55 2.13
1695 5,790} 35.56 061 3,822 3165 28.80 .598 <155 .56 2.08
1875 5,1685] 34.76 .056 3,805 3082 28.50 824 131 .55 2.03
1875 4,990) 34.89 .053 3,806 3056 28.31 .638 .128 .55 2.01
1695 4,555{ 34.85 048 3,750 29350 27.86 .638 -125 .55 1.85
1685 3,935] 34.87 042 5,598 2714 27.34 +612 131G .55 1.79
1675 3,625) 34.67 .058 3,513 2604 26.28 605 117 .58 1.72
1685 3,325] 34£.31 058 5,485 2584 26.54 +634 114 .55 1.70
2470 7,300} 58.38 044 7,147 3160 29.48 -780 154 .60 2.0§
2440 6,980} S58.80 042 7,082 5107 29.10 .778 -150 .60 2.01
2450 6,440] 57.71 <040 6,908 3016 28.90 «TTh 148 .60 1.98
2490 5,755] 58.85 L035 6,857 2803 28.42 <747 142 .60 1.83
2430 5,505§ §57.63 054 6,679 2757 28.09 .733 .139 .60 1.79
1355 4,685; 32.08 053 5,488 3072 29.88 .610 157 .60 1.88
1520 4,300} 32.15 048 5,418 2914 29.89 .596 -180 .62 1.90
1320 4,285] 31.96 048 5,459 2989 29.51 -850 .12 .62 1.93
1530 3,975] 32.04 JOdd 35,425 20877 29.08 -624 147 .61 1.86
1330 3,675] 31.62 042 5,348 2830 28.71 638 142 .61 1.83
1325 | 3,475{ 31.92 .38 35,285 2688 28.37 .588 135 .62 1.78
1330 5,290 31.66 037 3,229 2611 27.95 .5683 130 .61 1.70

23
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TABLE IX. -

Run jAititude,|Flight |Veriable |[Engine }Compressor- |[Compressor-|{ Tank Diffuser- |Diffuser-|Tailrake [Compressor-
ft Mach stator |[speed, |inlet total |irlet total] amblent [iniet total inlet total inlet
nunber, [position, N, temperature,| pressure, |pressure, |temperature, total preasure, ! airflow,
Mg, |[deg from | rpm Ta, Po, Ptank: Tx, presaure, Pg, 1b/8ec

nominslj oOpen OR 1p b °R Ps, in
position Ba Tt abe |Bq 5 1b Bq [t abs
5q abs

(a) Configuration B;
4-2| 35,000 l1.18 1 7470 bl2 1152 510 1487 2773 2458 89.78
4=4 1 T474 503 1148 508 1488 2789 2502 30.81
7 o] T4T7 496 1154 500 1503 2069 2667 92.45
1 [+] 7476 496 1154 495 1503 2869 2578 92.58
5 o 7475 496 1154 489 1513 2878 2599 82.52
4 Q 7468 487 1162 490 1514 2877 2813 92.28
3 2] TATE 498 1152 484 1512 2868 2615 81.87
2 (o] Thl4 498 1156 48% 1503 2861 2823 92.30
8 0 7467 494 1151 498 1509 28684 2638 92.10
4,5 1 7488 503 1145 507 1488 2802 £588 80.70
4,3 1 7472 507 1152 492 1490 2804 2592 80.53
] ] 7487 493 1161 497 1506 2855 2645 92.90
4-8} 45,000 2.00 2 7740 703 2085 294 1536 3330 2924 114.44
4-6] 58,000 1.16 C1 7466 503 371 178 15813 894 80% 29.72
4-7 1.16 1 T483 503 5569 181 1824 961 773 28.44
12 2.00 2% 7681 703 1101 206 1855 1777 1857 80.17
1 2% 7588 £99 1095 204 1551 1768 1657 60.07
10 2 7688 702 1081 204 1549 1757 1573 60.92
14 70,000 2 76885 704 619 190 1558 47 a2 32.97
15 t 2 7688 701 617 183 1555 946 asl 35.15

(b) Configuration 6; two-V-flameholder;
2 35,000 1.16 o} TA57 507 500 1582 26860 2577 89.27
-] Q T460 507 481 1571 2850 2564 a9.57
4 [+] T460 507 478 157 2850 25684 89.87
5 [} T4E60 508 464 1566 2825 2683 89.60
6 o 7455 508 407 1563 2025 2580 89.72
7 =} 7463 508 468 1566 2818 2588 89.60
8 o 7458 507 494 1570 2824 2618 89.T4
10 45,000 2.00 2.0 7731 704 —— 528 1566 32686 2857 115.10
11 1 * 2.0 7738 709 —_— 322 1551 3235 2824 112.3%0

(o} Configuration 7; two-V-flameholder; antiswirl

9 35,000 1.18 0 7453 516 1140 510 1s22 2664 2380 a8.08
8 [+] 7452 517 1143 502 1519 2661 2375 £88.13
T [+] 7459 517 1157 5035 1513 2656 2378 87.88
3 © T463 517 1135 504 1514 2657 2592 87.68
S o 7451 517 1138 488 1508 2660 2411 87.77
4 [} ThdS 518 1157 482 1508 2642 24156 87.81
10 [+ T451 516 1139 S17 1524 2697 2508 .08
15 45,000 2.00 2.0 7705 710 2031 295 1533 3104 2745 109 .22
14 58,000 2.0 7684 713 1086 166 1539 1606 1424 56.89
135 2.0 7698 709 1086 167 1545 1641 1474 58.12
12 2.0 7670 708 1094 1687 1565 1657 1495 58.02
18 70,000 2.0 7688 708 glz2 170 1583 880 TT4 3].8%

aPpimary uniform
bBoth sector

Wy '
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LARGE BURNER
Engine{ After-|Tall= [Afterbuwrner Jet Caloculated |Exhaust- |Afterburrer| Burner |Diffuser- Burner
fuel | burner| rake fuel-air thrust, |afterburner | nozzle, |combustion total- inlet total~
flow,| fuel gas ratic based :I'J, total digmeter, |efficlienoy, | pressure Kach temperature
Yr, a0 flow, [flow, [on unburned 1b temperature, > Tap loss number, ratlo,
1b/hrf ¥r,abr | ¥g,9? alr, Tne in. ratio, Mg T/ Tg
1b/hrl1b/sec Lus Pg — Pg
5
two-V-flameholder
4510 8,750] 95.80 0.0571 11,313 3741 29. 0.787 0.110 Q.51 2.515
4560 |%6,910| 94.87 .0869 11,409 3691 29.07 . 789 106 <51 2.484
4670 | 16,960 96.52 0861 11,751 3717 29.00 -7890 .106 .51 2.472
4890 | 15,310] 96.20 .05886 11,588 3620 28.68 827 101 .51 2.408
4700 | 15,970 95.77 0546 11,421 5514 28.28 845 .097 <51 2.323
4700 | 11,960 94.97 0469 11,047 3335 27.68 .8a2 -.082 .51 2.203
4680 | 10,780| 94.34 <0425 10,712 3171 27.23 .87 .088 .51 2.098
4660 9,525) 94.30 0574 10,354 2945 26.65 .83% .085 .51 1.960
4660 8,620| 95.86 05539 8,587 2774 26.11 -803 079 S 1.858
4560 | 87,825] 92.24 .0315 9,521 26837 25.80 . 769 078 =51 1.774
4445 | b7,760} 92.02 05 2,516 2617 25.70 - T64 076 51 1.756
4690 7, 70! 94.59 0301 2,555 2489 25.43 .6684 074 .52 1.65%5
4955} 13,300]117.11 0504 14,425 3208 28.83 .877 122 .57 2.088
1535 5,990] 51.19 0729 35,560 35439 - 604 .085 .53 2.274¢
1460 | 85,055| 29.85 0843 3,358 3427 28.70 -677 .102 .55 2.248
2635 9,040| €2.15 0524 7,884 3614 29.70 -86T8 <124 .56 2.324
2645 7,860} 61.73 .0457 7,577 53564 25.04 .B63 .119 .56 2.169
2645 8,155 62.09 -05535 7,053 2880 27.77 .T6T .105 .58 1.846
1440 4,850| 54.03 .0512 5,822 3407 .80 791 132 .58 2.186
1470 4,100| 34.00 0434 3,651 303S 28.74 720 .123 .59 1.952
antiswirl vanes instailed
4720 | 16,925} 95.42 0.0692 11,684 3797 28.47 0.785 0.098 0.50 2.399
4755 | 15,400| 83.28 0627 11,672 3751 28.34 843 .100 =51 2.587
4700 | 15,650} 95.08 0552 11,433 5592 268.10 .8686 100 -5l 2.286
4700 | 11,905 92.53 -0484 11,145 5428 27.65 .898 -093 .51 2.188
4700 | 10,215] 91.98 0415 10,944 3185 26.98 893 .08t .51 2.044
4680 8,5355] 91.39 0546 10,138 2338 28.28 .861 .Q81 .51 1.876
4660 6,855| 91.06 .0276 9,432 2561 25.11 <772 073 .51 1.831
5100 | 15,315{118.39 <0475 14,952 5517 29.66 .915 <151 .58 2.245
5000 | 13,970|115.21 L0437 14,577 3380 29.22 <911 .127 .58 2.178
vanes installed; new spray-bar spacing
4385 | 16,955| 92.14 0.0691 10,968 3596 28.96 0.698 0.107 0.53 2.362
4385 | 15,570] S1.77 .Qg28 10,912 3582 28.85 755 .1lo08 .53 2.345
4375 | 15,700} $1.0S 0560 10, 702 3488 28.51 .797 -105 53 2.291
4395 | 11,950| 90.36 0491 10,483 3387 28.08 .854 100 53 2.22%
4370 | 10,225 88.99 LO4le 10,106 3083 a7.35 .830 094 .53 2.082
4350 8,770] 89.60 0358 9,640 28382 26.55 .803 .088 .55 1.880
4385 6,835] 89.33 -.027¢ 8,398 2188 24 .41 485 070 .52 1.434
4890 | 10, 750}11} .22 0544 15,159 2901 28.58 821 .116 .59 1.882
2450 5,81 58.089 0556 6,618 2735 28.38 .684 L1135 .80 1.7717
2535 5,185] 59.05: 0314 6,572 2431 26.93 580 -102 .60 1.573
2515 5,195] 58.84 .0512 6,261 2582 27.03 8507 -098 5% 1.508
1418 3,380 32.54 .0367 3,519 2683 28.46 .599 120 -63 1.678
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26 O NACA RM E57I18
TABLE II. - €oncluded.
RunijAltitude,| Flight | Variable |Bngine |Compreasor- |Compressor-i Tank Diffuper- Diffuser-iTallrake [Compressor-]
rt Mach stator speed, |inlet total |inlet total] ambient [inlet total inlet total inlet
numbder,|poelition, N, temparature,| pressure, |pressure,]temperature, total pressure, | airflow,
, |deg from { rpm Ta, Py, Pranks Tg, pressure, Pg, 1b/sec
nominal] po:f:';m °R 1b 1b °R P5, 1b
B8q abB | mq abs 1b Bq I't &bs
aq It ahs
{d4) Configuration 8;
€ 35,000 1.16 [+ 7461 500 1147 502 1842 2594 80.92
5 [+] 7481 500 1146 494 1541 2570 90.92
4 [+] 7458 500 1144 £94 1537 2615 .77
3 o T464 $00 1144 501 1537 2618 80.77
2 o T459 489 1153 489 1528 2629 1:351
1 ] 7458 502 1147 493 1532 2673 90.48
12 1 7483 510 1139 4935 1523 2389 89.82
13 1 7489 510 1140 497 1509 2376 8g.92
1% 1 7483 512 1142 512 1513 2384 as.66
10 1 7488 515 1157 505 13815 2405 88.97
15 (] 7458 507 1145 480 1509 2413 80.90
g [+] 7470 501 1131 492 1493 2325 90.91
10 1] 7484 5Q2 1142 495 1502 81.38
a o T4E2 503 1144 492 1496 2313 81.54
7 o3 7459 504 1185 499 1499 2355 90.85
14 1 7491 2] 1138 505 1501 2442 89.4as5
] 1 7483 518 1143 505 1505 2412 88.45
1s 1 7490 508 1156 498 1s02 2476 8%.95
14 ] 7485 BO5 1139 504 1460 2251 90.79
13 a 7466 504 1150 487 1437 2252 91.40
12 [ 7461 504 1132 491 1466 2242 90.7¢
11 4] 7459 504 1148 474 1465 2275 81.10
16 0 7464 508 1145 502 1463 2310 90.88
S 1 7471 510 1141 501 g9 2445 89.88
8 1 7478 503 1136 486 1515 2554 89.87
7 1 7472 508 1141 515 1614 2476 90.54
8 1 TATT 505 1139 4938 1521 2499 80.70
4 1 7475 514 ~ 1141 492 1513 2494 89.34
8 45,000 1/2 T478 501 704 316 1518 1674 1460 56.12
9 1/2 7475 501 710 308 1514 1677 1465 58.5%
7 1/2 7484 502 704 308 1517 1669 1472 55.98
[} 1/2 T4T3 S02 712 287 1528 1660 1480 56.46
5 1/2 7474 503 708 313 1521 le62 1482 56.26
4 1/2 1474 503 704 316 1518 1865 1484 56.00
3 1/2 TATA 505 70% 311 1519 1668 1499 56.09
2 1 /2 474 508 710 325 1519 1687 15Qe 65.85
22 2.00 2 7728 706 2037 329 1545 3240 2633 111,72
23 2 7733 700 2031 517 1544 3223 2830 111.90
21 e 1727 706 2042 318 1547 3245 2669 111.82
24 2 7722 700 302 1548 3232 2870 111.62
20 2 7726 707 2046 297 1552 3247 2896 111.73
25 2 7730 T00 293 1648 32684 2827 112.47
12 2 7752 708 2050 306 1646 3245 2916 111.55
] 55,000 1.16 1/2 7476 502 434 134 1514 993 856 34.23
8 1/2 7482 503 435 120 151% 999 867 34.25
7 1/2 7464 503 433 124 1510 997 874 34.10
] 1/2 7458 503 433 136 1518 982 an 54.39
10 1/2 7479 502 431 137 1510 968 882 54.14
4 /2 T446 507 432 128 1513 998 887 35.84
3 1/2 7451 509 431 132 1514 293 889 33.78
2 1/2 T449 510 4350 132 152% 589 893 33.58
5 1/2 TASL 500 431 145 1521 980 504 34.20
11 2.00 1 7745 703 1173 174 1525 1811 1558 66.69
12 1/2 7751 705 1165 148 1511 1806 1544 86.32
13 58,000 2 7T 707 1088 187 1567 1717 1501 58.75
12 2 7704 708 1096 188 16564 1721 1608 58.81
11 2 7708 708 1088 176 1554 1701 1491 S56.89
10 a 7711 708 1080 178 1554 1694 1491 54.69
9 2 T714 711 1088 17§ 1657 1695 1800 58.34
16 | 70,000 ?_1; 7874 704 615 156 1582 931 831 32.25
18 2%. 7664 704 615 180 1580 935 a0 32.25
17 o} 7666 708 615 180 1578 930 axe 51.97
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b Y
LARGE BURNER
Engine| After-|Teil- |Afterburner] Jet Caloulated | Exhaust- | Afterburner{ Burner |Diffuser- Burner
fuel |burner| rake fuel-air thrust, |afterburner nozrle, | combuation totel- inlet total-
fiow,| fuel gas ratio based ¥j, total dlameter,| efficiency,| pressure| Mach texperature
LIy flow, jflow, |on unburned 1b temperature, - Nap loss number, ratio,
1b/br|¥r,abs | ¥s,9¢ air, » in. ratio, To/Ts
1h/hr 1b7§ec Tua Ps - Py
5
three-V-flameholder
4745 |16,905] 95.02 0.0875 11,833 3835 0.828 0.50 2.488
4755 [15,000| 94.49 . 11,6584 5683 .851 51 2.580
4735 |135,430] 83.91 .0538 11,599 5661 .936 .50 2.582
4735 }11,880| 95.42 .0468 11,117 5408 .920 .50 2.216
4735 9,910} 95.48 0385 10,737 3143 913 .51 2.058
4735 8,195| 92.17 03353 10,040 2818 -840 .50 1.839
4880 |15,855| 93.3C -0649 11,434 3783 833 —_— 2.484
4660 |14,320| 92.94 -.0581 11,242 5888 .68l —— 2.443
4650 {12,655 92.22 0517 10,817 5475 .887 —— 2.296
4810 |10,900] 91.06 -0450 10,450 5287 .884 — 2.168
4840 8,885 §2.38 -0357 10,056 2910 .852 .54 1.928
4630 |13,9801 95.81 05589 11,205 3814 880 <54 2.421
4620 {15,970 94.26 0655 11,256 3643 -801 55 2.425
4600 15,630 84.12 0541 1),168 3569 .884 .56 2.385
4650 |135,4680| 93.59 .0540 11,203 3622 9135 54 2.416
4670 $,250| 91.47 .03681 10,203 3080 910 —— 2.0%2
4580 8,120] 90.05 .0581 9,922 3008 .a858 — 1.988
4880 7,540} 91.09 0513 9,500 2683 .786 — 1.773
4445 [12,800f 935.26 0500 10,695 5459 898 .56 2.5€68
4465 |12,600}| 95.88 0498 10,796 3428 -889 .58 2.384
4445 |12,375] 95.19 0491 10,660 3357 -859 .57 2.289
4495 {11,995f 95.40 0478 10,776 5337 .8676 .56 2.277
4455 8,270 92.15 0531 9,525 2700 -781 .56 1.846
4650 |13,830) 92.69 .0555 10,084 2907 544 ———— 1.913
4670 [11,825| 92.20 -0483 10,164 2952 648 —_— 1.948
4670 }10,250| s2.22 -0416 +948 2885 711 ——— .
4700 8,050{ 81.97 0327 9,857 2688 ~TE4 —— 1.767
4630 5,610| 89.86 .0236 8,874 23557 <I37 — 1.558
2935 89,6001 58.20 .0826 6,929 3665 .808 .54 2.417
2925 8,920 | 58.43 .0576 8,926 3560 .82¢ .54 2.352
2916 7,555] B7.49 0495 8,652 35543 .658 -S54 2.205
2816 6,165| 57.57 .040C 6,435 3013 824 .55 1.976
2905 | 9,600 58.32 .0821 5,924 2564 356 .55 1.888
2805 T,4%50] 57.47 .0487 6,175 2883 .610 .54 1.899
2905 5,850 §7.12 .0383 6,055 2788 715 .54 1.836
2905 4,425 | 56.48 0294 5,727 2588 .768 54 1.703
4920 |14,225]114.88 0446 14,835 3476 .95 <57 2.249
4920 [13,350 [114.82 0418 14,575 3508 913 .56 2.143
4930 [12,620 [114.35 0396 14,235 5241 .918 .57 2.094
4920 {11,785 (113.82 -0370 13,988 3117 .89¢9 .57 2.013
4930 {10,990 1113.80 .05 13,748 29¢8 .878 5T 1.9382
4350 [|10,090 N14.23 .0316 13,468 28351 841 <57 1.831
4910 9,575 115.18 0296 13,084 2747 .829 57 1.777
1775 5,840 | 35.49 .0623 4,297 3378 .681 .56 2.232
1771S 5,495 | 35.41 0586 4,339 3283 677 .56 2.182
1778 4,665 ) 35.04 0501 4,125 3112 .708 .55 2.061
176S | 5,770 | 35.07 .0401 3,894 2776 .675 .58 1.831
1765 3,100 | 54.64 0335 3,504 2294 481 .57 1.520
1755 4,125 | 54.82 0448 5,858 2725 517 .55 1.802
1775 35,445 | 34.39 .0578 3,777 2673 8652 .55 1.761
1745 2,775 ] 33.99 0306 3,620 2509 -679 .55 1.648
1765 2,125 | 34.43 0229 35,139 1887 317 .57 1.241
2550 9,090 | 68.37 0480 7,619 3089 .683 -85 2.006
2925 7,950 | 67.68 0422 8,038 2894 .667 &3 l1.8889
2625 8,365 | 60.57 0499 7,686 3510 864 .57 2.258
2625 8,255 | 60.59 0494 7,862 3457 855 .57 2.262
2 7,520 | 60.27 0449 7,376 3203 .787 .58 2.062
2575 6,855 { 60.08 0408 7,512 3158 .887 .56 2.0352
2585 6,185 | 57.55 0374 7,021 2933 767 57 1.883
1460 4,955 | 33.35 -0535 5,884 3342 29.72 .719 127 .58 2.113
14860 4,475 | 33.22 .0487 5,625 3132 29.19 .682 123 .58 1.970
1430 5,755 | 32.74 0412 3,461 2821 28.51 .685 .120 .58 1.851
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TABLE IIT. - AFTERBURNER CONFIGURATICNS

Conflguration Diffuser Flameholder Fuel bars Sketch of |Quter-shell
configur-| nominal
Vortex |8wirl|Desig-| Type |Posltion, [Blockage{ Desig- Rumber ation in | diameter,
generators |vanes |nation in. from | percent| nation and figure in.
spray bars type
1 Yes No A Three-V- 11.4 37 A 40 Individual} 5 53.7
gutter :
2 No Ko B Two=V~ 9.5 30 B 20 Tandem 33.7
gutter
3 o KNo C Three-V- 11.4 30 B 20 Tandem 5335.7
gutter
4 No No C Three-V- 16.4 30 B 20 Tandem 3%.7
gutter
5 Yes No D Two-V- 11.75 30 c 20 Tapndem 35.17
gutter
3] Yes Yes D Two-V- 11.75 30 c 20 Tandem 35.7
gutter
7 Yes Yes D Two-V- 11.75 30 D 20 Tandem 35.7
gutter
8 Yas No E Three-V- 15.0 30 c 20 Tandem 35.7
gutter
9 Yes No F Three-V- 13.0 50 C 20 Tandem ] 53.7
gutter
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Figure 1. - The XJ79 installation in the altitude test chamber.
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Inlet guide vane and variable stator posltion,

deg frow full open position

39 tH
30
25
20
b ==

15

Altered schedule in effect

only et an engine-inlet
10 temperature of 705° R
5-
0 i T HE R R : R i i : ; HET
3200 5600 4000 4400 4800 5200 5600 6000 8400 6800 7200 7600

Corrected engine speed, N/-/8, rpu

Figure 2. - The varistion of inlet-guide vane and varisble stator position with corrected engine speed for
the original schedule and for the reset schedule in effect at an engine-inlet temperaturs of 705% R.
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Primary fuel flow

. - émé L]
18,000 11
14, ]
12,00
10; s
Uniform system i }
8, i S
<t e i
i pr FaidH TR
i 1 H H R
BJOO( s 2Pia N HT
r I p $
TEELE A o
t 5 G L Sector system
::dl :I:l : Ih
4,00 i
i EH = FrEEe
2,000k T H H
0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 20,000

Secondary fuel flow

Figure 3. - The relation between amounts of fuel provided in the primery and secondary fuel systems

during sector and uniform burning by the selector valve.
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Pilot burner

Primary uniform

Pregsure-
reducing
valve

1L

|

econdary i

orm

Belector
valve

econdary
sector

WU

L

E
g
H

High-range
flovmeter

!

3<

Low-range
flowvmater

Flow-
regulation
yvalve

Facility high-

(a) Fuel system used during investigation.

Flgure 4. - Schematic drawing of afterburper.

i pressure fuel
source
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ALTRANGITRIY

T
B

Secondary sector
Primary uniform
Secondary uniform
Primary sector

(b) Tandem fuel-spray-bar manifold showing top and bottom sections
providing fuel during sector burning.

Figure 4. - Concluded.

Schematic drawlng of afterburner.
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Vortex generators s 2B

40 Individual fuel

sprey bars ()
‘33.7 Q.D.
X I T e e e o e e e o o o
Pllot o Cooling liner,
burner.\ Flameholder (A) parforated and
corrugaeted
6 Stream.

lined strutg

12.3

10—

maxdmim /

(At 29.5 8.85
dismeter)—] 7.

5

- 7.9 e

———

é

-

-————————-m-———.—_—-—'—

(a) Configuration 1,

Figure 5. - Burner detaile., (All dimensions in inches.)
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diameter)
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VYortax generators, 28
(¢ vetween each of
inner cone supports)

spray bars (C)

CI-5 back

4644

32.7 0.D.
9
A ]yt ==
Pilo Flemeholder (E)
burner
p
T Btream-~
lined etrute
(At 29.5 9.6
maximm
diameter)
. 8. (At 21.5
| diameter)
10 - 11 24.5 11.5— 18

(b) Configuration B

Figure 5. - Concluded. Burner detells. (All dimensions in inches.)
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""""" ¥ ~—~——0Outer-support ring

24 Spacers
sg—Inner-support ring
38 Vanes
r" )—-‘ 6.4 Rad
A A
Turbine
-\— @, Engine
—»t0.56 po—
Section A-A

(a) Schematic drawing of vanes.

Figure 6. - Turbine-outlet section showing inatallation of 36 equally spaced antiwhirl vanes.
(411 almensions An inches.)
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(b) Photograph of vanes apd vortax generators.

Figure 6. - Concluded. Turbine-cutlet section showing Installation of 56 equally spaced autiwhir) vanes.
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Flameholder
L A c
3 41 _____—131.42 1.20

!
41° T™—1.42 .20
\ }

41° ~1.42 1.20

Flame- Fr ___T

holder
Diam 5.6¢  \ .87
A 28.83 28. .11 12.91

43 20
C 28.58 28.43 20.11 12.91

(a) Flameholder projlected area of designations A and B, 313,5 and 253.5
square lnches, respectively.

25.52
Diam

7

3,42 —d
11.04
~ Diam
- 65.84 3.4

(b) Flameholder projected sres of designation B, 270.6 square inches.

Figure 7. - Schematic diagrams of flameholders. (All dimensions are in inches.)
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A

27.00
Diam

39

{c) Flemeholder projected area of designation D, 291.7 square inches,

lame - B
holder F
D1iam

/0

-~2.22
~+11.93

E 27.71 19.91 12.81}e— 4.44 o

F 26.32 18.96 1281 5.85~"

Flameholder
E F
l.44 1.38
&6°

/—0.56 0.30
1.12 1.08

— 2.22
le————1.93

(d) Flameholder projected area of designetions E and F, 304 and 284 square inches,

respectively.

Pigure 7. - Concluded. Schematlc diagrems of flameholders.

(A1l dimensions are in inches.)
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. - Details of afterburner fuel spray bars.
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Flgure 8
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Rear bulkhead 2
Fromt rlc;w Exhaust-nozzle é
bulkhead straightening Fuol inlst - ?
collector— [

Ballmouth Flamaholder-
& Iabyrinth seal inlet stations

|”I|l||

R 11K
/ I ......
Btation 1 2 5 5a f6a g

Fumber of probmss Fumber of
Station [ Totel preseure| Wall static pressmurs| Thermocoupls rakes

Airficow

memguring | 1 24 4 8 - &
Engine

inlet 2 9 0 9 1
DifTuser

inlat B 30 2 9 5]
| Fuel bar 5a 10 2 [ 0
Flamaholler

inlet 8 {6a} 1 2 ) 1
Exhmupt-

rozzle

inlet %) 13 1 0 1
Tank am-

hient 0 4 trailing static probes

CD-5459
Figure 9. - Bchewatic diagram of engine end instrumentation stations,
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Velocity, ft/sec

A NACA RM ESTI1S

1200x

L T Station Digtance .
downstreem
= of the inlet
flange, -
i 2
1100 S (Diffuser 4.25
inlet)
HF i ———— 5a (Fuel bar) 9.50
6 (Flameholder 15.00
inlet)
1000 s HHH H 3 1
HEHH HH HHH 1
900 HH iia SESSEil elallitilanie:
i AR HE R TR Y
£ : S i -
800 # jAsilesH LRt AT LR L
+ : i -
£ i { i
HEHTHT HH 1 H= 7!
700 LT
HH B
; =HHH HE AR ORI B
T SAESE T T
800 : q&[ P TR T
S00FEH HHH :
Y HUHHH
400§ F i H
a HH v :é HHH st
g e 8
S35 2 i
300 NN N T i.“i'f H
0 20 40 80 a0 100 .
Percent passage height
Figure 10. - Velocity profilea through the dlffuser of the originsl configure-
tion (1) at a flight condition of 35,000 feet snd & Mach number of 1.16.
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e Solid symbol dencotes 29.0-inch-
dlameter exhaust nozzle
m~ 3200
30
467 -
33
B
9
g g" 2800
T
o & £
1IN
8 2400 HEEE
.80
=) 3>: s
R ég .70
2q
8% i
.BQ
032 .040 .048 .056
Afterburner fuel-air ratio, fi5
.18
B oW
glhlﬂq
0
m 1
(M)
5 .14
1 -
g 3 :
=
.10
1.6 1.8 2.0 2.2

Afterburner temperature ratio, T

Figure 11. - The variation of afterburner
performance paresmeters with afterburner
fuel-alr and afterburner temperature
ratio at a flight conditlon of 35,000
feet and & Mach number of 1.16 Ffor the
prototype afterburner configuration.
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.ﬂ. T 1 T
]
£ 3600 i i E
§ i f HE
Yo I H
a =i &
* o “ - PHH
4° 3200 i i
§ "5 g b H H H
[ H HH :
g 5 z i ' :
] Configuration PFlameholder
g 2800 5 : blockage
2 e i
3 : i 1 37 {Small
k" burner )
2 30
2400
1.00 R =, : : e
H T I i
3 3 SHiHEIHIE
L= .90 H H £ Hi ;
g i
K Hidi
] H i i
@ : Y
o £
3 i :
5 70 :
g
o HHH
. i i o
.024 . 052 .04Q .048 .056 .064 .072
Afterburner fuel-air ratio, fua
N T R e e e
FEELEE ki T R R e g H
2 :
'g .14 £i
[t}
5 2ai?
m
g ]
- i BHiH
?‘ .10 Er : d
& i it
.06 B i S i
1l.4 1.6 1.8 2.0 2.2 2.4 2.6

Afterburner temperature ratio, T

Figure 12. -~ The varlation of afterburner performance peram-
eters with afterburner fuel-alr and temperature ratio show-
ing e comparison of configurstions 1 and 2. Flight condi-
tiomn, 35,000 feet, Mach number of 1.16.
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Configuretion Veriable Dlstance
stator from fuel
= position, bars to
deg flameholder,
in. S —r
[o] 4 ) 16.4 THHE
4000 5 @ 4 5 16.4 :
(u] 3 Q 11.4
g : l 3 5 11.4
i Bl
'E HH HEFHEE E
¢ 3600 ¢ r—= F
=] = =
I
&
B a5 3200
23 Sioid
} T
;
2 HEE
5 2800 HHH
)
4
2400
.90
5
Q
2
o] H s
3 .80 = :
&
o T
v g :
g = : 21
g l T
I"‘ T
a . 70
g
8
.60
.032 .040 .048 .0586 .06¢ .072
Afterburner fuel-elir ratio, fua.
.14 : 13tzimrasesa:
0 2 : :
223
a o i
[} e
g \ 1 2 an
Bt .10 T ; A
& SHiE
3 EH
2k :
.06 H H HHH
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Afterburner temperature retio, T

Figure 13. - The effect of varleble stator position
end flemeholder positlion on the verietion of efter-
burner performance paresmeters with afterburner fuel-
air and tempersture ratlio. Flight condition, 58,000
feet; Mach number, 2.0; inlet recovery, 85 percent.
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Figure 15. - Velocity profiles through the diffuser of the large
burner. ’
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Pigure 15. - Concluded. Velocity profiles through the diffuser of the
large burner. .
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Pigure 17. - The variation of afterburner performance param-~
eters for the large burner (small burner, configuration 2,
shown for reference). Flight conditions, 35,000 feet; Mach

number, 1.16.
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Figure 18. - The effect of instellation of antiwhirl vanes
on afterburner performance parasmeters. Flight conditions,
35,000 feet; Mach number, 1.16.
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Figure 19. - The effect of fuel distribution on afterburner
performance paremeters. Flight conditions, 35,000 feet;
Mach number, 1.16.
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Figure 20. - The effect of flameholder configuration on efterburner per-
formance parameters.
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Figure 21. - The effect of sector burning on afterburner performence par-
ameters for configurstion 8. Flight Mach number, 1.16.
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Figure 24. - Variation of specific fuel consumption with net thrust
showing comparison of manufacturer specifications with NACA data.
Flight condition, 59,400 feet; Mach number, 2.0; inlet recovery,
90 percent. BSecondary flow, B8 percent.
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Flgure 25. - Standerd ram recovery used in referemce 8., Standard propossd by the Alrcraft Engine Comamittee

of the Alrcraft Industries Association.
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Figure 26. - Estlmated ejector thrust coefficient
variation with primary diasmeter (crossplotted
from dats in refs. 1 snd 2). Dismeter ratio,
1.25; spacing ratio, 0.71; primary pressure-
ratio range, 9.0 to 10.0; primary total-
temperature range, 2500° to 3800° R.
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